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SUMMARY

Fournier

OFA

WINGS

An investigationby thetransonic-bunptechniqueofthestaticlongi-
tudinal aerodynamiccharacteristicsofa seriesofthin,low-aspect-ratio,
highlytaperedwingshasbeenmadeIn theLangleyhigh-speed7-by 10-foot
tunnel.TheMachnumberrangeextendedfranabout0.60to 1.18,with
correspondingReynoldsn~bersrsngingfromabout0.75x 106to 0.95x 106.
Theangle-of-attackrangewasfrom-10°to approximately32°.

Theeffectsondragandlift-dragratioofa variationin sweepsingle
fran-14.03°to 45°withrespectto thequarter-chordUne forwingsof
3-percent-chordthicknesswasfoundto be smallincanparisonto the
effectsofa variationin thicknessfrmn2 &rcentchordto 4.5percent
chordforwingswith14.03°sweepback.

Fortherangeofvariablesconsidered,variationsinplsnformwere
considerablymareimportantwithregsrdto longitudinalstabilitychar-
acteristicsthanthevariationsin thickness.Fortheseriesofbasic
wingshavingan aspectratioof 4, themostnearlylinearpitching-moment
characteristicswereobtainedwith26.57°of sweepbackofthequarter-
chordline. However,forthemodifiedseriesofwings(obtainedbyclip-
pingthetipsoftheoriginalwingsparallelto theplaneof symmetryto
givean aspectratioof 3 anda taperratioof0.143),themostnearly
linearpitching-mcmentcharacteristicswereobtainedwith36.87°of sweep-
back. By decreasingthethickness-to-chordratiosfromO.03to 0.02,a
largeincreasein lift-curveslopewasobtainedforboththeb=ic snd
modifiedwings.U ofthewingsofbothserieshadfairlylargeinward

. shiftsof thelateralcenter-of-pressurelocation(indicativeoftip
stalling)withincreasingliftcoefficient,exceptthosewingshating
minbxmsweepbacksngles.

*
-
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INTRODUCTION

.

~vestigationssuchas thosereportedinreferences1 and2 have
establishedthat,regardlessofwingsweepangle,it isimportantto

—.

utilizethethinnestairfoilsectionsthatcanbe toleratedfrcmstruc-
turalconsiderationsin orderto achievemaxhumperformance,particu-
larlyattransonicaudsupersonicspeeds.Xtisal.sowellknownthat.
highlytaperedplanformsoffercertainstructuraladvantagesoverwings
oflesstaperamdthereforetheairfoil-sectionthicknessrationormally
canbe reducedsomewhatastheratiooftipchordto rootchordis
decreased.An importantproblemwhichstillexistsconcernsthechoice
of sweepsz@.eofthin,highlytaperedwingsin orderto achievesatis-
factorylongitudinalstabilitycharacteristics.

—.

Thepresentinvestigationwasconductedprimarilyforthepurpose
ofexploringattransonicspeedsthelongitudinalstabilitycha&acter-
isticsofthin,highlytaperedwingshavingquarter-chordsweepangles
varyingfrom-14.03°to 45°andalsotoprovideinformationonwing
performancecharacteristics.Thebasicseriesof sixwingshadNACA
65AO03airfoilsections,en aspectratioof 4, anda taperratioof O.
A modifiedseriesofwingswasformedfromthebasicseriesby clipping .

thewingtipspar@lelto theplaneofsymmetryto givean aspectratio
of 3 anda taperratioof0.143.Theeffectofthicknessonthelongi-
tudinalstabilityofoneofthebasicandoneofthemodifiedplanforms

*

having14.03°quarter-chordsweepwasdeterminedby testingadditional
tingshs.tingN.AcA6~Ao02and65Ao04.5airfoilsections. —

Theinvestigationutilizedreflection-planewingmodelsmountedon .
a transonlcbumpintheLangleyhigh-speed7- by 10-foottunnel.The
Machnumberrangeextendedfrom0.60toappro-tely 1.18withcorre-
spondingReynoldsnumbersvaryingfrcmabout0.75x 106to 0.95x 106.
Theresultspresentedhereinwerederivedfrommeasurementsoflift,
drag,pitchingmament,androotbendingmcmentdueto lift. —

COEFFICIENTSANDSYMBOIS

(!L liftcoefficient,TwicesemispanliftC@

CD dragc~fficient,Twicesemispandragqs

WP
pressure-dragrise(maximumzero-liftdragcoefficient
minuszero-liftdragcoefficientat M = 0.6Q)

.—4-.%.
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pitching-mmentcoefficientreferredto 0.255,
Twicesemispanpitchingmcment

qsE

bending-manentcoefficientdueto liftaboutlongitudinsl-

stabilityaxis, Bendingmomentcl.

effectivedynsmicpressureover

lb/sqft

averagechordtiselocaldynsmic

twiceareaof

aspectratio,

pvzspanof’w5mg, ~,

pressure,lb/sqft

semispanwingmodel,sqft

b2/S

meanaerodynamicchordofwing,basedonrelatimship

J

b/2
~ C%y, ft
‘o

localwingchord,ft

taperratio

twicespanof semispsnmodel,ft

airdensity,slugs/cuft

free-streamvelocity,ft/sec

effectiveMachnmnberoverspanofwing

aversgechordwiseloca3Machnmnber

10CSLMachnumber

Reynoldsnmiberbasedon 5

angleof attack,deg

wingsweepsinglewithrespectto theleadingedge,deg
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wingsweepanglewithrespectto

wingsweepanglewithrespectto

qysxter-chordline,deg

half-chordline,deg

lateralcenter-of-pressurelocation,percentwingsemi-
CB

span, 100—
CL

longitudinalcenter-of-pressurelocation,
‘ooto+’ -

percentwingmeanaerodynamicchord

longitudinalaerodynamic-centerlocation,percentwing
meanaerodynamicchord

maximumlift-dragratio

airfoil-sectionthickness

.—

ratio

Semlispan-wing
of steel.Sketchesof

.

—

●

MODELSANDAPPARM!US .

modelsusedintheinvestigationwereconstructed
thewingplanformsanda tabulationofpertinent

geometricparametersaregivenintableI. Themodelsincluded-abasic
seriesof sixwingsallhavingan aspectratioof 4,a taperratioof0,
andNACA6~AO03airfoilsectionsparalleltotheplaneofsymmetrywith
quarter-chordsweepanglesvaryingfrcm-14.03°to 45°. A modified
serieswasformedfrcmthebasicseriesby clippingthetipsofeachof
thewingsparalleltotheplaneofsymnetryto givean aspectratioof 3
anda taperratioof0.143.In additionto themodelshavingNACA
65AO03airfoilsections,modelshavingNACA65AO02and65AO04.5airfoil
sectionswereprotidedforonesweepangle(14.03°,or c/2 lineper-
pendiculartoplaneof symmetry).Thethicknessserieswasinvestigated
forboththebasicwingof aspectratio4 andthemodifiedwingofaspect
ratio3. A detaileddrawingofrepresentativemodelsWed intheinves-
tigationisgivenin figure1. A photographofoneofthemodelsmounted
onthebumpintheLangleyhigh-speed7-by 10-foottunnelis shownas
figure2, Thewingsweremountedonanelectricalstrain-gagebalsnce
whichwasenclosedinthebumpandmeasuredthelift,drag,pitching
moment,androotbendingmomentduetolift”.A smallgapexistedbetween
thewing-rootsectionandthebalancecoverPlatej however,useofa
spongerubbersealat thebaseofthemodelstinimizedairleakagefrom
thebslmcechsmber. —. -.

?
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TESTSANDCORRECTIONS

5

ThetestsweremadeintheLangleyhigh-speed7-by 10-foottunnel,
employingan adaptationoftheNACAwing-flowtechniqpeforobtaining
trsmsonicspeeds.Theieclmiqueusedinthepresentinvestigation
involvesthemountingofthewingsin a high-velocityflowfield(gen-
eratedoverthecurvedsurfaceof a bumplocatedonthetumnelfloor)
andis similarto thatusedinreference3.

TypicalcontoursoflocelMachnumberintheticinttyofthemodel
locationonthebmp (obtainedfromsurveyswtthnomodelinposition),
areshowninfigure3. Itcanbe~seenthata Machnumbervariationof
about0.02etistsoverthemodelsemispanatthelowestMachnumbersand
about0.04atthe.highestMachnumbers.ThechordwiseMachnumbervari-
ationis generallylessthsn0.02. No attempthasbeenmadetoevaluate
theeffectsofthechordwiseandspanwiseMachnwber variations.The
effectivetestMachnumberwasobtainedfromcontourchartssimilarto
thosepresentedin figure3,by usingtherelationship

b/2
M;=-

J
*%Y

0

Similarly,theeffectivedynamic
chartsusingtherelationship

pressurehasbeenobtainedfrcmcontour

~b/2

Figurek showsthevariationofmeantestReynoldsnumberwithMach
number.

Forcesadmanentdatawereobtainedforthewing-aloneconfi&u?a-
tionsthrougha Machnumberrangefrcm0.60to appr~tely 1.18andan
angle-of-attackrangefrcmappro-tely -10°to 32°.

Jet-boun@ correctionshavenotbeenevaluated,sincetheboundary.
conditionstobe satisfiedarenotrigorously
astheeffectiveflowfieldislargeccmpared
thewings,thecorrectionsarebellevedto be

.

*

defined:However,inasmuch
withthespanandchordof
small.
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REWZTSANDDISCUSSION

Presenk.tionofResults

Aerodynamiccharacteristicsof a seriesofthin,low-aspect-ratio,
highlytaperedwingssrepresentedasfollows:

Il@ure
Basicdata
A=4, A=O:
Sweepseries.. . . . . . . . . . . . . . . . . . . . . 5 to 10
Thicknessseries.. . . . . . . . . ... . . . . . . . . llanau

A= 3,A = 0.143:
Sweepseries.. . . . . . . . . . . . . . . . . . . . . 13to 18
ThicknessSeries.. . . . . . . . . . . . . . . . . . . lgmdm

summaryofaerodynamicchszacteristics. . . . . . . . . . . 21 tO 27

In orderto expeditepublicationofthesedata,onlya briefdis-
cussion,basedprimarilyonthesumaarycurvesoffigures21to 27,is
presentedherein.Theslopespresentedinthesummaryfigureshavebeen
averagedovera lift-coefficientrangeofM.1O.

LiftandDragCharacteristics

Thesummarydatapresentedinfigure21 indicatethat,withregard
to lift-curveslopes,thevariationinthicknesswasmoresignificant
thanthevariationin sweep.By decreasingthethiclmess-to-chordratios
from0.03to 0.02,a largeincreaseinlift-curveslopewasobtainedfor
boththebasicwingsof aspectratio4 andthemodifiedwingsof aspect
ratio3 sndtaperratio0.143.Similarresultsareindicatedby thedata
presentedinreferences4 and5. ThelargeValuesoflift-curveslope
obtainedforthe2-percent-thickwingswerenotdueto aeroelasticdis-
tortion,sincea checkontheflexibilityofthiswingindicatedthat
aeroelasticeffectsshouldbe verysmall.

Theliftcoefficientat an sngleofattackof20°, (VL _200, was
selectedasbeingrepresentativeofthemaximumliftcoefficientinasmuch
astheliftvaluesinthehighanglersmgewereerratic.Indicatedin
figure21 isthesamepronouncedrisein (CL)@200attransonicspeeds

ashasbeennotedinotherinvestigations(ref.6). Thebasicandmodi-
fiedwingshavingtheleastsweepeqeriencedthelargestchangein
(CL)~200 attransonicspeeds,aswouldbe expectedonthebasisof

previousexperience.

.

..

—
.
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.
Figure22 showsa ccmrpsrisonoftheexperimental.pressure-drag-rise

incrementN ~ forthepresentwingswithresultspredictedby the

methodpresentedin reference1. Sweepofthehalf-chordlinewasused
as a referencesincetheminimumpressureoccurssomewherein thevicin-
ityofthehalf-chord- in thesubsonic-speedrangeoftheseairfoil
sections.At thelowersweepangles,theexperimentalandpredicted
resultsarein gwd agreement;however,atthebighersweepanglesthe
measureddrag-riseincrementswerelargerthanthepredictedvalues,with
theresultthatthereductionof M!

%
withsweepwassmallerthanwould

be expectedfrcmreference1. However,theresultsofreference1 were
basedonwingsofHttle taperwhilethewingsofthepresentinvestiga-
tionwerehighlytapered.Itisknownthatrelativelylittlefavorable
sweepeffectisrealizedneartheplaneof symmetry(seeref.7, for
exsmple)andsincea lsrgeportionofthewingareais concentratednear
therootofhighlytaperedwings,littlesweepeffectwouldbe expected.

Theeffectof sweepon (L/D)M is shownin figure21 tobe less
significantthantheeffectofthickness.Thedataobtainedindicate
slightlyhighervaluesof (L/D)W forthewtngswithmodifiedtips

● thanforthebasicwingsthroughthetransonicrange,slthoughitwould
be expectedthatthewingsofgreateraspectratiowouldprovidethe
highervaluesof (L/D)m. It isalsonotedthatthegreatervalues

. of (L/D)_ forthemodifiedwingsaretraceableto somewhatlwer
Valuesof f!D)~La. Thisunexpectedresultprobablyis dueto thefact

thatthetestsofthemodifiedwingsweremadewitha sczuewhatdifferent
end-sealconditionthanthatusedforthebasicwings.Thisdiscrepancy
isnotbelievedto affectthevslidityof comparisonsoftheeffectsof
planformor thicknessforeitherthebasicwingorthemodifiedwing
series,orto influencetheindicatedeffectof clippingthewingtips
forcharacteristicsnotdependenton zero-liftdrag.

Theeffectsof sweepangleud ofthewing-tiptificationonthe
&l) is indicat

drag-due-to-liftparameter ed in tigure23 atMachnum-
*L2

hersof0.9snd1.1. Withtheexceptionofthemodifiedwingseriesat
MD

Machnumber1.1,theresultsshowabouta 15-percentincreasein —
*L2

as thesweepangleis increasedfrcm0° to 45°. Aswouldbe expected,

valuesof ~ generaJJ.ywerescmewhathigherforthemodifiedwings~L2
.

thanforthebasicwings.
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Theeffectofthicknessandofthewing-tipmodificationonthe

drag-due-to-liftparameter= is indicatedinfigure24throughthe
&L2

Machnumberrange.Lcnrervaluesof dragdueto liftwereobtainedfor
the4.5-percent-thickwingsat thesubsonicMachnumberswhereasthe
2-percent-thickwingsindicatedlowervaluesabovetichnumber0.95.
Similsrresultsslsoareindicatedby thedatapresentedinreference4.

Thedecreasein % withdecreasingthicknessat Supersonic13peeds
~L2

appearstobe duetotheincreaseinlift-curveslopementionedpreci-
ously(figs.21(a)and21(b)),inasmuchaslittle,if eny,leading-edge
suctionwouldbe expectedforthesewingsat supersonicspeeds.

Comparisonsoflift-dragratiosplottedagainstliftcoefficient
areshowninfigure25 forselectedsweepanglesd Machnumbers.At
a Machnumberof0.9,the-14.03°sweptwingprotidedthehighestvalues
of L/D overmostofthelift-coefficientrange;however,at M = 1.1,
no verydefiniteadvantagewasindicatedformy of thesweepengles.

Longitudinal-Stability

% we
‘he‘ffects‘f‘weep‘n ~

Characteristics

showninfigure21 tobe generally

.
—

—
.

—

consistentwithpastresultssndofmoresigni.fic~ceforthesetests
thantheeffectof thickness.Theeffectofsweepontheaerodynamic-
centerlocationforMachnumbersof0.60and1.10anda comparisonof
theseresultswiththoseobtainedfromreferences8 end9 arepresented
infigure26. Theexperimentalresultsatlowsweepindicatea more
forwardaerotQmsmiccenterthenthatpredictedby theory;however,fair
agreementis attainedasthesweepengleis increased.Themaximumrear-
ws.xdshiftoftheaerodynamiccenterfrcmsubsonicto supersonicspeeds
forthebasic-serieswingswasabout22percentforthelowsweepangles
andabout1.2percentforthehighsweepangles.Themodified-series
wingsshowedlittleeffectof sweepontherearwardshiftoftheaero-
-c center,whichaveragedapproximately17percent.

Oneoftheprimaryobjectivesofthepresentinvestigationwasto
determinetherelationoftheplan-formvariationsto theshapeofthe
pitching-mmentcurves,psrticul.arlyathighliftcoefficients.Forair-
planeshavingtails,thewing-alonecharacteristicsarenotnecessarily
indicativeofthecharacteristicsofthecompleteairplane;nevertheless,
it isbelievedtobe ofinteresttopointoutcertainaspectsofthe ‘
wing-alonestabilitycharacteristics.Inspectionofthepitching-mcznent
curvesofthebasicdata(figs.7 to20)indicatesthat,forthebasic-wing
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.

seriesofaspectratio4, themostnearlylinesrpitching-mcanentcurves
wereobtainedwiththewinghaving26.57°of sweepback(fig.8(b));
whereas,forthemodifiedwingsofaspectratio3,thepitching-mcment
curvesforthe36.87°sweptbackwing(fig.17(b))weremostnearlylinear.
Thepitching-mcmentcurvesofwingshavingsweepangleslessthsnthe
valuesmentionedarecharacterizedby increasingstabilitywithincreasing
liftsmdtheoppositeistrueofwingshatinglargersweepangles.

DI orderto iUustratescmeinterestingtrendsinlongitudinaland
laterslchangesincenter-of-pressurelocationwithliftcoefficientat
M = 0.9 and M = 1.1,three
(k/4 Y

s ofeachserieswereselected
= -14.03°,26.570,and 45° andthedataarepresentedinfig-

ure27. Itisevidentthatthechsngeswithliftcoefficientofthe
longitudinalcenter-of-pressurelocation~p at a Machnmnberof1.1
areconsiderablysmsllerforeitherwingseriesthanthechangesat a
Machnumberof0.9. However,appreciablechangesin thelateralcenter-
of-pressurelocationycp withliftcoefficientoccurredatbothMach

numbers.Itis of interesttopointoutthat,foreitherseriesofwings
orforeitherMachnmber,thewingplsnformwhichgivestheleast

. changein longitudilmalcenter-of-pressurelocationwtthHft coefficient
experiencesan appreciableinwardshiftinthelateralcenter-of-pressure
locationwithliftcoefficient.Suchinwardshiftsareassociatedwith

. tipseparationanda resultingreductionin theeffectivespanofthe
trailingvortexsheet.me wingplanform(-14.03°sweepback)whichgave
theleastinwardshiftinlaterslcenter-of-pressurelocation,experi-
encedam increasein stabilitywithliftcoefficient.

CONCLUSIONS

Resultsofan investigation,by thetransonic-bwnptechmique,ofthe
longitudinalcharacteristicsofa basicandmodifiedseriesofthin,low-
aspect-ratio,highlytaperedwingswithvaryingdegreesof sweepand
thickness,indicatethefollowingconclusions:

1.A decreaseinthethickness-to-chordratiofran0.03to 0.02
causedsm appreciableincreaseinlift-curveslopethroughoutthetest
rsmgeofMachnumbersforboththebasicandmodifiedwings.The
increasedlift-curvesloperesultedinreduceddragdueto liftforthe
2-percent-thickwingsat supersonicspeeds.

2.Theeffectson dragandlift-dragratioofa variationin sweep
anglefrcm-14.03°to 45°forwingsof 3-percent-chordthicknesswas
smallin cmparisonto theeffectsof a variationinthicknessfrcxn2

“ to 4.5percentchordforwingswith14.03°sweepback.
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.
3.Forthescopeof thesetests,variationsinplanformwerecons-

iderablymoreimportantwithregardtolo~itudinalstabilitycharac-
teristicsthanvariationsinthickness. .

4.Fortheseriesofbasicwingsofaspectratio4,themostnearly
linearpitching-mmentcharacteristicswereobtainedwitha winghaving
26.57°sweepbackofthequarter-chordline,md fora modifiedseriesof
wings(obtainedby clippingthetipsoftheoriginalwingsto givean
aspectratioof 3),themostnearlylinearpitching-mcmentcharacters.
ticswereobtainedwitha winghaving36.87°sweepbackof thequarter-
chordline.

7. Ihwardshiftsofthelateralcenter-of-pressurelocation(indica-
tiveoftipstalling)werefairlylargeat thehigherliftcoefficients
andweremorepronouncedforwingsofgreatersweepbackangle. —

LangleyAeronauticalLaboratory,
NationalAdvisoryCcamni.tteeforAeronautics,

-ey Field,Vs.,Februaryll,1954.
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Summaryof WingGeometry
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